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(g) Universal radio telephone. 

@ The invention relates to a general purpose 
circuit arrangement for a radk) telephone whe- 
rein the universal application possibilities have 
been provided by phase-locked circuits (PLL1 
to PLL3) and by a multiplier means (11, 12) that 
can be controlled (signals Select x1/x2 and 
Synte sal ./Data) by the processor of the mobile 
telephone. The second hanmonic or the funda- 
mental frequency is selected by the multiplier 
means from the VCO oscillators (61, 62). In this 
way, the frequencies of the synthesizer circuits 
(UHF1. UHF2. UHF3) can t>e set independently 
of each other and according to the require- 
ments of the respective cellular networks. The 
central circuits are advantageously integrated 
into four IC circuits (IC1 to IC4). 
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The invention relates to a general purpose circuit arrangement for a radio telephone. 
Despite the fairly extensive and universal standardization measures concerning radio telephone systems 
today, there are a number of different standards in use or about to be taken in use. This is also true for the 
digital cellular systems, out of which the following can be mentioned: JDC800 (Japan Digital Cordless; frequen- 
5 cy range 800 MHz), JDC1500 (1500 MHz), PCN (Private Communications Network; 1500 MHz), the European 
GSM and the American DAMPS (Dual Mode AMPS). 

For these different networks, the manufacturer makes an adaptation in connection with the manufacturing 
process by selecting, in a well-known way. crystal oscillators and synthesizer circuits having suitable frequen- 
cies. However, this results in overlapping and disadvantages in the coordination of the manufacturing of dif- 
10 ferent mobile telephone models. 

The present invention provides a circuit arrangement for a radio telephone, comprising at least one fre- 
quency synthesizer circuit (UHF1.UHF2,VHF) having an output therefrom and an oscillator (71) having a ref- 
erence frequency output therefrom, the at least one synthesizer circuit (UHF1,UHF2,VHF) including a corre- 
sponding Phase Locked Loop (PLL) circuit (21 .22,23) coupled to the reference frequency, and multiplier means 
15 (1 1 . 1 2) for frequency multiplying coupled to the output of the at least one synthesizer circuit (UHF1 .UHF2.VHF) 
and operable by a first control signal (select X1/X2) to change the frequency of a signal output from the mul- 
tiplier means (11.12), thereby selectively changing the operational frequency range of the radio telephone. 
An advantage is that a radio telephone incorporating the present invention can be selectively operated in 
" differehtlletw^^^ 

20 volume, weight and cost and makes such a radio telephone easier to use and more desirable to a user. 

All the requirements of the principal mobile cellular telephones of today have been taken into consideration 
in the general purpose circuit arrangement of the radio frequency part of the digital nr>obile telephone according 
to the invention, in particular, concerning the above mentioned JDC, PCN. GSM, and DAMPS systems. In its 
basic form, the system uses one common injection or reference oscillator frequency for the phase-locked (PLL) 

25 loop circuits of all synthesizer circuits. The reference oscillator frequency can be selected freely and, for ex- 
ample, any standard type, voltage controlled, temperature stabilized crystal oscillators (VcTcXO) can be used 
as an oscillator. They are commercially available at advantageous prices. 

Another characteristic of the invention is that a multiplier means is connected to the outputs of the syn- 
thesizer circuits. This "multiplier means" may be any circuit arrangement known as such and allowing the ad- 

30 justment of, for instance, the operating point of a buffer amplifier of a voltage controlled oscillator circuit (VCO) 
so that the second harmonic of the VCO signal or of the signal of a synthesizer circuit of UHF band can be 
used in the 1500 MHz or 1600 MHz mobile telephones, and the fundamental frequency of the VCO circuit in 
t he 800/900 MHz telephones. The operating point is set by a control signal that can. for instance, be transferred 
from a processor of the mobile telephone and is selected when the mobile telephone is activated according to 

35 the system selected. Alternatively, the system information or the value of the control signal of the multiplier 
means can be stored in the memory of the control processor of the mobile telephone so that the desired control 
signal will automatically be available when starting next call. The advantage of the use of the "multiplier means- 
is that the same mobile telephone equipment architecture can be used for both the 800/900 MHz and the 
1500/1600 MHz cell systems. 

40 According to a second aspect of the invention, the frequency of each synthesizer circuit can be set at a 

pre-selected frequency by a second control signal generated by the processor of the mobile telephone, to be 
selected according to the system as above. This measure allows the realisation of the frequencies required 
at any time by the necessary different system/channel selections. Further, the use of this second control signal 
allows the selection of the different frequencies In the reception and transmission branch, for instance, so that 

45 the reception frequency can be changed without changing the transmission frequency, as required in the Amer- 
ican Dual Mode AMPS system (DAMPS) where both analogue and digital operation modes are used. Consid- 
ering the DAMPS system, in the circuit arrangement according to the invention, both transmission and recep- 
tion are feasible simultaneously. 

According to another characteristic of the invention, with a third control signal, the mixer of the transmis- 

50 sion branch can be assigned to a state where e.g. the mixer will be changed out of balance, so that the fre- 
quency of the UHF synthesizer circuit is directly tuned to the final frequency and modulated by an analogue 
signal. In this case the VHF synthesizer is not used. Respectively, In this operation mode, sampling of the 
intermediate frequency is connected to the reception branch by a way known to those skilled in the art This 
Is when the arrangement according to the Invention can be used in the analogue cell telephones and also in 

55 the DAMPS telephones. However, both analogue and digital signal processing branches will be arranged in 
the DAMPS telephones and the connections between them by one of the known ways. 

In digital operation, the circuit arrangement according to the invention comprises in its reception branch 
a l/Q demodulator by which the I and Q signals will be derived directly from the Intermediate frequency. Re- 
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spectively, in the transmission branch, there is an l/Q modulator that modulates the frequency produced by 
the VHF synthesizer to be connected to the second mixer. 

Further, concerning the characteristics of the circuit arrangement according to the invention, it is worth 
mentioning that only one intermediate frequency is used in the reception branch. By a way readily understood 

5 by those skilled in the art, in the circuit arrangement disclosed here, the transmission signal can be produced 
by mixing, i.e. that in this connection a pulsed transmitter can be used, the wider stability requirement of which, 
as far as the transmitter as such is concerned, the presently disclosed circuit arrangement will satisfy. Further, 
it can be mentioned that, in the arrangement according to the invention, the intermediate and the injection 
frequencies can be chosen entirely independently from each other for different cellular networks. As an ex- 

10 ample it may be mentioned that the selectk^n of the intermediate frequency of a GSM mobile telephone is not 
limited to be a VcTcXO frequency or its harmonic. 

The circuit arrangement of the Inventksn may be carried out by four integrated circuits whereto the com- 
ponents of the circuit arrangement are assembled in suitable groups. Two UHF synthesizers operating advan- 
tageously at a frequency under 1000 MHz, and one VHF synthesizer operating within the range of 80 to 400 

15 MHz, are assembled from these circuit groups, depending on the selected frequencies and cellular systems, 
in an alternative embodiment, the voltage controlled oscillators are adapted to the fifth integrated circuit In 
the exclusively analogue applications, the fourth integrated circuit with its l/Q demodulator is naturally not 
needed at all in the use and thus the said analogue signal sampling circuit can be used instead of it 

_ _ - . ~ tn-the following, the-invention is descnt^ed-in more-detail^by-way-'of-exampl^ - 

20 the drawings in which an embodiment of the ctrcurt arrangement according to the invention is illustrated dia- 
grammatically showing four integrated circuits. 

The multi-purpose circuit arrangement of the radio frequency part of the mobile telephone according to 
the figure comprises four IC circuits IC1 to IC4. Only the operational parts essential to the understanding of 
the principle of the circuit are shown In the figure, and thus, for instance, no circuit regulators or other low 

25 frequency components have been shown because they are components readily understood by those skilled 
in the art and which can be incorporated by some of the ways well-known as such. The first circuit IC1 Includes 
a transmitter mixer 14, a l/Q modulator 13 and a multiplier means 11 and 12 plus a amplifiers 16a to 16f. The 
second circuit IC2 includes PtL circuits 21 to 23 of the synthesizers controlled e.g. by the dock Input Clk. The 
third circuit IC3 includes a high frequency mbcer 31 of the receiver, with its amplifiers 32, 33, and the fourth 

30 • circuit 1C4 includes a digital l/Q demodulator 42 and baseband frequency circuits 43 (Rx baseband) and a div- 
ider 41 by which the oscillator signal taken from the VHF synthesizer circuit the output signal of the amplifier 
16t is divided by two. Alternatively, a sampling circuit (not shown) can be used in analogue operation instead 
of the IC4 circuit. VCO circuits 61 to 63 are also included in the circuit arrangement and so are preceding low 
pass filters 64 to 66. Primarily, the VCO circuits are not designed as integrated circuits but even that is feasible. 

35 at least as far as the active components are concerned. The injection frequencies of the PLL circuits 21 to 23 
are fed from a VcTcXO 71 . In this connection, the circuit IC1 is shown as also including the power control circuit 
15 (Pwr Ctrl). The power level of the transmitter is controlled by the signals Txc, Txp that are directed to the 
circuit 15. 

The transmission and reception branches (Tx and Rx) have been connected in the usual way through filters 
40 and amplifiers 56, 51 and 54. 53, respectively, to the duplex filter 52 and further to the antenna ANT through 
the antenna connector Ant 

The radio frequency signal received by the antenna ANT on the reception side is directed through the du- 
plexer 52 from the output Rx via the amplifier 53 and the passband filter 54 as an input signal RF to the circuit 
1C3 and within that to mixer 31. The second input of the mixer 31 is the local oscillator signal tO. The output 
45 signal of the mixer, at an intermediate frequency, is directed via the amplifier 32 to the passband filter 55 (out- 
side the circuit IC3) and further via the amplifier 33 to the circuit IC4. In the circuit IC4 the if signal is brought 
to the l/Q demodulator that produces in a known way the 1 and Q signals for the base frequency circuit 43. 
After processing these signals they are directed to become the output signals Rzl and RxQ of the circuit to 
be processed in the base frequency circuits (not shown) of the mobile telephone. The modulating signals being 
50 in the mutual 90 degree dephasing stage are brought via the divider 41 to the l/Q modulator during the digital 
operation. The circuit IC4 and/or IC3 and/or the amplifier 53 are controlled by the control signal of amplification 
AGC. 

The local oscillator signal LO of the receiving side is formed in the first UHF synthesizer circuit (UHF1). 
There the output frequency of the reference oscillator controlled by the AFC signal is fed to the phase-locked 
55 circuit 21 (PLL1) where the reference frequency is processed by a way known as such and fed via the lowpass 
filter 64 to the voltage controlled oscillator 61 (VC01) and from there further via the amplifier 16d to the so- 
called multiplier means 11. The operation point of the buffer amplifier 16a is controlled using the multiplier 
means and based on the first control signal "Select x1/x2*' so that either the second harmonic frequency or 

3 




EP 0 581 573 A1 



the second basic frequency is obtained from the VCO signal. The output of the amplifier 16d is aJso directed 
as a feedback to the PLL1 circuit 21 and, on the other hand, to the divider 41 (within circuit IC4). 

A radio frequency mixing signal is formed in the second UHF synthesizer branch UHF2 In the transmitting 
branch, based on the reference frequency of the oscillator 71. The operation of the means 22, 65, 62. 16e. 12 

5 and 16b in the circuit UHF2 is similar to that of the circuit UHF1. However, the output frequencies of the UHF 
circuits may be selected independently, by setting the operation of the PLL circuits 21 and 22 with the control 
signals "Synte sel." and Data** as desired, for instance, by setting the dividing figures of the dividers to be pro- 
grammed for the desired frequencies, for instance, in order to bring about the frequency values in the table 
shown below. The output signal of the circuit UHF2 is directed to the second mixer 14. 

to For the modulation of the digital signal, a signal for the l/Q modulator is formed in the VHF synthesizer 

circuit in the same way as above in the UHF circuit, but at a lower frequency; there the I and Q signals, in 
mutual 90 degree dep basing, will modulate the VHF frequency so that the output of the modulator can be added 
to the second mixer 14 as a modulating signal. The output signal at transmission frequency of the mixer 14 is 
led via amplification 16c and passband filtration 56 to the power amplifier chain 51 and. In amplified form, fur- 

15 ther to the input Tx of the duplexer 52 and to the antenna ANT to be transmitted by radiowaves. 

In the case of the FM telephone, not shown in the illustration, when the transmission of an analogue signal 
is desired, the signal of the UHF branch is modulated by the analogue signal, e.g. in connection of VC02, so 
that a modulated signal directly in transmission frequency is achieved. Then the mixer 14 is controlled to an 
unbalance*! state by t 

20 mission frequency to the amplifier 51 . At this time the VHF branch is switched to become inactive by the signal 
"Synte sel.". 

The functions of the circuit arrangement are thus controlled, for instance, by the processor (not shown) 
of the mobile telephone and by the controlling quantities "Select x1/2", "Synte seL"rData" and "Feed through". 
Either the second harmonic (x2) of the VCO frequency or the basic frequency (x1) is selected by the select 
25 signal to the outputs of the UHF branches. The basic functions of the phase-locked circuits (e.g. on/off, fre- 
quency order range) and the divider modules are set by the signals "Synte sel." and "Data". This allows the 
synthesizers UHF1, UHF2 and VHF to generate frequencies, independently from each other, for the transmis- 
sion and reception branches. 

The JDC application will serve as an example of this frequency setting. The table below shows the fre- 
30 quencies as average ones. 

Table 1 

Application: JDC800 JDC1500 

35 . 

Frequency/MHz 



Recept ion FRx*^ 


818 


1495 


Transmission FTx**^ 948 


1447 




UHFl-synte Fuhfl*'^ 773 


782,5 




UHF2-synte F\ihf2*^ 858 


793,5 




VHF-synte Fvhf*^> 


90 


140 


Intermediate fr. if*^ 


45 


70 



50 



55 
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Notes : 

a) Received frequency in the Rx branch; RF signal in the 
input of mixer 31. 

5 

b) Transmission frequency in the output of mixer 14, 

c) Frequency in the output of multiplier means 11. 

d) Frequency in the output of multiplier means 12. 
10 e) Frequency in the output of oscillator 63. 

f) Intermediate frequency in the output of mixer 31. 

It was already mentioned above that the frequency of the reference oscillator 71 can be selected as a slan- 
ts dard value, e.g. in the range 12 to 16 MHz but, due to the structure of the circuit arrangement according to 
the invention, the exact value may be selected relatively freely. 

We can see in the table above that the frequencies a) to f) follow the conventional lines. Thus, for instance, 
when JDC800 is concerned: 

_0?x = 

20 and 

FTx = Fuhf2 + Fvhf = 858 + 90 = 948 MHz. 
The corresponding formulae are valid when using other systenris. 

Despite the fact that above we have only described the basic circuit block diagram in more detail, those 
skilled in the art will understand that the different blocks included can be assembled in several ways, known 
25 as such, and that the possible inner modifications within the different circuits will not limit the applicatk>n of 
the idea of this invention in universal mobile telephones. 

In view of the foregoing description it will be evident to a person skilled in the art that various modifications 
may be made within the scope of the inventfon. 

The scope of the present disclosure includes any novel feature or combination of features disclosed therein 
30 , either explicitly or implicitly or any generalisation thereof irrespective of whether or not it relates to the claimed 
invention or mitigates any or all of the problems addressed by the present invention. The applicant hereby gives 
notice that new daims may be formulated to such features during prosecution of this application or of any such 
further application derived therefrom. 

35 

Claims 

1. A circuit arrangement for a radio telephone, comprising at least one UHF frequency synthesizer circuit 
(UHF1, UHF2) having an output therefrom and an oscillator (71) having a reference frequency output 

40 therefrom, the at least one UHF synthesizer circuit (UHF1. UHF2) including a corresponding Phase 

Locked Loop (PLL) circuit (21. 22) coupled to the reference frequency, and multiplier means (11,12) for 
frequency multiplying coupled to the output of the at least one UHF synthesizer circuit (UHF1 . UHF2) and 
responsive to a first control signal (select XI /X2) to change the frequency of a signal output from the mul- 
tiplier means (11 ,1 2), thereby selectively changing the operational frequency range of the circuit arrange- 
rs ment. 

2, A circuit arrangement according to claim 1 . further comprising a VHF frequency synthesizer (VHF) includ- 
ing a corresponding PLL circuit (23) coupled to the reference frequency output from the oscillator (71). 

5^ 3, A circuit arrangement according to claim 1 or claim 2. wherein the output of each frequency synthesizer 
circuit (UHF1, UHF2. VHF) is selectable in accordance with a second control signal (Synte sel./Data). 

4. A circuit arrangement according to any preceding claim, further comprising: 

a first mixer (31) for a reception branch for receiving a radio frequency (RF) signal and afirst local oscillator 
(LO) signal and outputting an intermediate frequency (IF) signal to processing circuits for a reception sig- 

55 

nal: 

a second mixer (14) for a transmission branch having a modulating signal to be sent and a second local 
oscillator signal input thereto and having an output signal sent therefrom and after amplification (51) to 
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an antenna (ANT) as a transmission signal; 

whereby frequencies of the first and second local oscillator signals are formed within synthesizer circuits 
(UHF1 . UHF2), for the UHF range, and whereby the modulating signal Is mixed with a frequency formed 
in a synthesizer circuit (VHP) of the VHF range. 

5 

5. A circuit arrangement according to claim 4, wherein the modulating signal is a digital modulating signal 
(l/Q). 

6. A circuit arrangement according to claim 4, wherein the modulating signal is an analogue signal. 

7. A circuit arrangement according to claim 6, wherein the second mixer (14) is selectable by a third control 
signal (Feed through) to direct the second local oscillator signal modulated by the analogue modulation 
signal to a radio frequency transmission frequency straight through the mixer (14). whereby the operation 
of the VHF synthesizer circuit (VHF) is rejected by the second control signal (Synte sel./Data). 

8. A circuit arrangement according to any one of the preceding claims, wherein the at least one multiplier 
means (11, 12) is adapted to output a fundamental frequency or a corresponding second harmonic fre- 
quency of the synthesizer circuit (UHF1 . UHF2) according to the second control signal (Select x1/x2). 

9. A circuit arrangernent according^to wherein the digital modulating signal is modulated by an l/Q 
20 modulator (13) and processing circuits (IC4) for the reception signal comprise an I/Q demodulator (42) 

having the intermediate frequency signal and frequencies formed from the VHF synthesizer circuit (VHF) 
by dividing (41) and by a suitable mutual dephasing input thereto, and reception I and Q signals comprise 
the output. 

25 10. A circuit arrangement according to claim 7 or daim 8, wherein when the reference oscillator (71) has a 
preselected frequency the operation of the radio telephone can be set to follow a selected radio telephone 
standard by a preselected combination of values of the first, second and third control signals (Selectx1/x2, 
Synte sel./Data, Feed through). 

30 11- A Circuit arrangement according to any one of claims 4 to 10, wherein only one intermediate frequency 
(IF) is used in the reception branch. 



12. A circuit arrangement according to any one of claims 4 to 11, comprising four integrated circuits (IC1 to 
IC4), whereby 

- a first circuit (IC1) substantially comprises the second mixer (14), the l/Q modulator (13), and the 
multiplier means (11, 12) plus amplifiers (16a to 16f); 

- a second circuit (IC2) substantially comprises the PLL circuits (21 to 23) of the synthesizer circuits; 

- a third circuit (IC3) substantially comprises the first mixer (31) and its amplifiers (32, 33); and 

- a fourth circuit (IC4) substantially comprises the digital l/Q demodulator (42) or, alternatively, the l/Q 
demodulator of the analogue signal. 

13. A circuit arrangement according to claim 12, further comprising a fifth integrated circuit including voltage 
controlled oscillators (61 to 63) of the synthesizer circuits. 

14. A radio telephone including a circuit arrangement according to anyone of the preceding claims, adaptable 
for use in a network operating according to the JDC800, JDC1500. PCN, GSM, or DAMPS standards. 

15. A circuit arrangement in the radio frequency part of a digital mobile telephone, comprising: 

a first mixer (31) of the reception branch, wherein the first input (RF) is a received radio frequency signal 
and the second input (LO) is a first local oscillator signal and the output is an intermediate frequency signal 
(IF) that is directed to the processing circuits of the reception signal; 

- a second mixer (14) of the transmission branch, wherein the first input is a digital modulating signal 
to be sent and the second input is a second local oscillator signal and the output is a signal to be 
sent to the radiowaves (ANT) as a transmission signal after amplification (51); 

whereby the frequencies of the local oscillator signals are formed within synthesizer circuits of the 
UHF range (UHF1, UHF2), and whereby the digital modulating signal is a signal (l/Q) mixed with a 
frequency formed in a synthesizer circuit (VHF) of the VHF range; 

and whereby, alternatively, also the analogue modulating signal, mixed with the signal of the local 
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oscillator, can also be directed to become the transmission signal, 
characterized in that 

- all of the PLL loop circuits (21 to 23) of the synthesizer circuits have been locked to a SBme reference 
oscillator (71) frequency of the mobile telephone, and that 
5 in each case a multiplier means (11, 12) is provided to the output of the synthesizer circuit of the 

UHF range (UHF1)» UHF2). the module of which can be set by the first control signal (Select x1/x2) 
in order to change the transmission/reception frequency range of the mobile telephone. 
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